The numerical study of membrane separation processes with electric interactions requires the simultaneous solution of Poisson-Boltzmann, Navier-Stokes and Nernst-Planck equations. A numerical method was developed, and implemented, to deal with the coupling between the electric fi eld, the fl ow fi eld and the concentration fi elds of the ionic species in solution. The numerical method was validated supposing limit conditions: a-for a binary ionic solution, the results are similar to those obtained with a simplifi ed method which assumes the Boltzmann distribution of the ionic species; b-for high molecular diffusivity of the components, the convection is negligible, relatively to the diffusion, and the numerical solution is similar to the one obtained for a stagnant fl uid. The numerical code developed was applied to study m acromolecules fractionation in a hybrid membrane cell (HMC) composed by negatively charged semi-permeable membranes (impermeable to the solutes and permeable to the solvent) and neutral fully-permeable membranes, alternating in series. The normalized concentration profi les of the species along the normal and tangential directions were obtained, as well as the non-dimensional electric potential along the normal direction. When the charge of the semipermeable membrane is identical to the charge of the component with the highest diffusivity, this component moves away from the membrane and the other, with the lowest diffusivity, approaches the membrane. However, due to the interactions between electric and concentration fi elds, in the region crossed by the streamlines of the concentrate stream, the separation in the fully p ermeable membranes is worsened.
Introduction
The authors of the present paper have been exploring the potential of different types of hybrid membrane cells (HMC) to fractionate macromolecules [1, 2] . Generically, an HMC is composed by two kinds of membranes alternating in series: a semi-permeable membrane and a fully-permeable membrane [1, 2] .
The fi rst study was about a HMC with a semipermeable membrane only permeable to the solvent, and a fully-permeable membrane permeable to both solutes and solvent [1] . The macromolecules separation is done by differential diffusivity. The solute with lower diffusivity remains concentrated near the semi-permeable
